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Anomalous ferromagnetism and non-Fermi-liquid behavior in the Kondo lattice
CeRuSi2
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The structural, electronic and magnetic properties of the Kondo-lattice system CeRuSi2 are ex-
perimentally investigated and analyzed in the series of other ternary cerium compounds. This
system is shown to be an excellent model system demonstrating coexistence of the Kondo effect
and anomalous ferromagnetism with a small magnetic moment which is confirmed by magnetic and
µSR measurements. Data on specific heat, resistivity, heat conductivity and Seebeck coefficient are
presented. Being deduced from the resistivity and specific heat data, a non-Fermi-liquid behavior is
observed at low temperatures, which is unusual for a ferromagnetic Kondo system. A comparison
with other magnetic Kondo lattices is performed.
PACS numbers: 75.30.Mb, 71.28.+d
I. INTRODUCTION
The cerium based ternary intermetallic compounds
of CeTX2 type (with T being transition metal and X
semimetallic element like Si, Ge and Sn) remain a subject
of considerable interest because of their unusual ground
state properties observed in many compounds of this fam-
ily. For example, we have heavy-fermion behavior with
a large electronic specific heat (γ = 1.7 J/(mol K2) at
1.25 K) in CePtSi2 [1], valence fluctuation behavior in
CeRhSi2 [2] and in CeNiSi2 [3]. In the present work we
discuss in detail the magnetic and electronic properties
of the system CeRuSi2 which has a ferromagnetic ground
state [4].
It was traditionally believed for many years that the
competition of the intersite RKKY exchange interaction
and the Kondo effect should result in the formation of ei-
ther the usual magnetic ordering with large atomic mag-
netic moments (as in elemental rare-earth metals) or the
non-magnetic Kondo state with suppressed magnetic mo-
ments [5]. However, more recent experimental investi-
gations have convincingly demonstrated that magnetic
ordering and pronounced spin fluctuations are widely
spread among heavy-fermion systems and other anoma-
lous 4f- and 5f-compounds, which are treated usually as
concentrated Kondo systems (see [6]).
The class of “Kondo” magnets is characterized by (i)
the logarithmic temperature dependence of resistivity
typical for Kondo systems at not too low temperatures
(ii) reduced value of the magnetic entropy at the ordering
point, in comparison with the value R ln(2J + 1) (which
corresponds to usual magnets with localized moment J)
(iii) small ordered magnetic moment M0 (in comparison
with the “high-temperature” moment µeff determined
from the Curie constant), which is reminiscent of weak
∗Electronic address: Valentin.Irkhin@imp.uran.ru
itinerant magnets (iv) negative (even for ferromagnets)
paramagnetic Curie temperature θ which strongly ex-
ceeds in absolute value the magnetic ordering tempera-
ture (this behavior is due to large single-site Kondo con-
tribution to the paramagnetic susceptibility).
There exist numerous examples of antiferromagnetic
systems where “Kondo” anomalies in thermodynamic
and transport properties coexist with magnetic ordering.
At the same time, examples of Kondo ferromagnets are
not so numerous: CeNiSb, CePdSb, CeSix, Ce2Rh3B2,
Sm3Sb4, NpAl2 (the old bibliography is given in Ref.[6]).
The number of such materials gradually increases, includ-
ing CePt [7], CeRu2Ge2 [8], CeAgSb2, [9], CeRuPO [10],
CeRu2M2X (M = Al, Ga; X = B, C) [11, 12], CeIr2B2
[13], hydrogenated CeNiSn [14].
In fact, a number of factors make the physical pic-
ture in the most “Kondo” ferromagnets rather compli-
cated. The systems like CeSix [15] are described by spin-
fluctuation (rather than Kondo) model. The Kondo sys-
tems YbNiSn [16] and UPdIn [17] possess antiferromag-
netic ordering and demonstrate canted ferromagnetism
only.
In our opinion, CeRuSi2 is a rather “typical” anoma-
lous rare-earth ferromagnetic system which exhibits the
whole variety of peculiarities of the Kondo-lattice mag-
nets. Moreover, it demonstrates the phenomenon of the
non-Fermi-liquid behavior [18] in low-temperature ther-
modynamic and transport properties.
II. THE CRYSTAL STRUCTURE
We have investigated properties of a large number
of CeTX2, CeT2X2, Ce2T3X5 and CeTX3 compounds
(with T = Ru, Rh, and X = Si, Ge). The high-
purity samples were provided by Physical and Chemi-
cal Analysis Laboratory from the Chemical Department
of the Moscow State University (guided by Yu. Serope-
gin). According to their crystal symmetry, these com-
2pounds can be divided into following classes: CeRuSi2
(space group P21/m); CeRu2Si2, CeRu2Ge2, CeRh2Si2,
CeRh2Ge2 (I4/mmm); CeRuSi3, CeRuGe3, CeRhSi3
(I4mm); Ce2Ru3Ge5, Ce2Rh3Si5 (Ibam).
In the present work we focus on the most interesting
compound CeRuSi2, although give in Sect. 4 a compari-
son with resistivity data for other systems mentioned.
The polycrystalline samples of CeRuSi2 were synthe-
sized by melting the starting mixture in an arc furnace in
an argon atmosphere followed by annealing at 870K for
600h. The purity of the component metals was better
than 99.9%. Our investigation of CeRuSi2 [4] has shown
that this compound crystallizes in a structure different
from the CeNiSi2 type which is common for other com-
pounds of the CeTX2 series. The X-ray investigations
demonstrated that this compound has the NdRuSi2-type
low-symmetrical monoclinic crystal structure [4]. The
sample material was examined by X-ray analysis and
identified as a single CeRuSi2 phase (the calculated X-ray
density was approximately 9.485 g/cm3).
The NdRuSi2 structure is a distortion derivative of
the orthorhombic CeNiSi2-type structure characteristic
for other CeTX2 compounds. A similar structure occurs
for LaRuSi2 [19]. The unit cell parameters for CeRuSi2
are: a = 4.478(1)A˚, b = 4.093(1)A˚, c = 8.302(5)A˚,
the angle beta being equal 102.53(3) deg. The atomic
coordinates are:
Ce 2(e) x/a = 0.4130(2) y/b = l/4 z/c = 0.79904(9)
Ru 2(e) x/a = 0.1179(2) y/b = l/4 z/c = 0.3869(2)
Si1 2(e) x/a = 0.0364(9) y/b = l/4 z/c = 0.0907(5)
Si2 2(e) x/a = 0.6657(9) y/b = l/4 z/c = 0.4913(3)
The CeRuSi2 sample used in further measurements was
of the weight 351.57 mg and of disk shape with the di-
ameter of approximately 9 mm and thickness 1 mm.
III. MAGNETIC PROPERTIES
The magnetization was measured by a SQUID magne-
tometer of Quantum Design MPMS-5 in the broad inter-
val of magnetic fields (H < 50 kOe) and temperatures
(5 < T < 250 K). We will demonstrate that These data
give evidence for the coexistence of the Kondo effect and
ferromagnetism in CeRuSi2.
Fig. 1 shows the field dependence of magnetization
M(H) at four temperatures. The M(H) curve in the
reversible range of fields (from 5 to 50 kOe) are close to
linear and are characterized by a relatively strong slope
(dM/dH is about 5 10−5 emu/g Oe) that depends slightly
on temperature. Saturation of the magnetic moment in
strong fields is absent (this is valid up to 150 T [20]).
The M(H) behavior in low fields (rapid increase)
is rather typical for ferromagnetic Kondo lattices like
CeNiSb [21], Ce1−xLaxPdSb [22], CeRu2(Si1−xGex)2
[23]), Th1−xUxCu2Si2 [24]. Such an increase is also rem-
iniscent of “itinerant metamagnetism” which occurs in
a number of nearly or weakly ferromagnetic transition
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FIG. 1: The field dependences of magnetization at different
temperatures
metal systems [25]. A metamagnetic behaviour is ob-
served in the number of rare-earth compounds, e.g., for
Ce5Rh4Sn10 [26], CeCoGa [27]. However, in our case
there is no true metamagnetic transition, and ferromag-
netism is retained in zero field, such a picture being also
not rare in itinerant ferromagnets (see Ref.[25]). In this
connection, it should be also mentioned that metamag-
netism discussed earlier for CeRu2Si2 is treated now as
a continous pseudo-metamagnetic transition (crossover)
[28, 29], the itinerant character of 4f-electrons being pre-
served up to very high fields (about 50 T) [29] which is
similar to our system.
Now we discuss magnetic susceptibility. Generally
speaking, in the paramagnetic region (investigated up to
260 K) the simple Curie–Weiss law is not fulfilled (see
temperature dependence of magnetization in small field,
Fig. 2). However, analyzing experimental data we were
able to describe them by taking into account the Van
Vleck contribution which is independent of temperature.
Fitting χ = M/H = M0/H + Ceff/(T − θ) in the field
H = 300 Oe to the experimental data, it was possible
to get M0/H = 3.7 10
−6 emu/g Oe, Ceff = 1.22 10
−4
emu/g Oe and θ about −40 K. The value of M0/H is
about 50% of M/H for 260K. This large Van Vleck con-
tribution is probably connected with low symmetry po-
sitions of Ce ions.
Thus the temperature dependence of magnetic suscep-
tibility at temperatures above 60 K can be described by
the Curie-Weiss law with the Curie constant Ceff , the
corresponding value of the effective magnetic moment
µeff being equal 1.7µB which is considerably smaller in
comparison to that of the free Ce3+ ion.
The paramagnetic Curie temperature θ is negative
and large in absolute value. As discussed in the Intro-
duction, this is typical for Kondo lattices (even ferro-
magnetic ones) since θ is determined by on-site Kondo
screening rather than by intersite exchange interactions,
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FIG. 2: The extraction of the Van Vleck contribution The
inset shows the temperature dependence of magnetization at
low temperatures
χ(T = 0) ∼ 1/TK .
The reduced value of the effective magnetic moment
µeff , calculated from the linear χ
−1(T ) dependence, can
be partly attributed to a moderate renormalization of the
4f shell moments due to hybridization with conduction
electrons as in Ce2Rh3B2. A comparison with ferrimag-
netic CeCoGa [27] where θ = −82 K, µeff = 1.8µB is
also instructive.
At the same time, magnetic fluctuations in the pres-
ence of the Kondo effect can play a role. Note that a
similar strong reduction of effective moment is observed
near quantum critical point in Ce7Ni3 (under pressure)
and Ce(Ru0.6Rh0.4)2Si2 (see the discussion in Ref.[18]).
The inset in Fig. 2 shows the temperature dependences
of magnetization measured in the field H = 100 Oe. A
sharp upturn of M(T ) (as well as in the χ(T ) curve)
below 11 K and a tendency to saturation at lowest tem-
perature were detected. Thus the shape of theM(T ) and
M(H) corresponds to the ferromagnet with the transition
temperature Tc ≃ 11 K.
The fitted dependence M(0) −M(T ) below Tc (in a
wide temperature region, but at not too low T ) is close to
T 4/3 (see inset in Fig.4). Such a dependence is obtained
in spin-fluctuation theories [30] and is typical for weak
itinerant ferromagnets where the spin-wave picture works
at very low T only (as discussed in the Introduction, these
systems have a number of similar features with the Kondo
magnets).
We have found hysteresis loops for 5, 6, 7, 8, 9 and 10K
(see inset in Fig. 3). From these loops we have estimated
the coercive field Hc as one half of loop width.
Fig. 3 shows the temperature dependence of Hc(T ) as
determined from the hysteresis loops at different temper-
atures.
Taking the T 4/3 extrapolation of theM(T ) most steep
part (between 10.5 and 11 K) to x-axis we should get
Tc = 11.7 K. From the above M(H) data we have deter-
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FIG. 3: The temperature dependence of the coercive field.
The inset shows hysteresis loop for T = 5 K
mined Ms values extrapolating linear dependence of M
in the H = 20− 50 kOe range to H = 0.
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FIG. 4: Arrott plots of magnetization which determine the
Curie temperature. Inset shows the determination of Tc from
these plots
The determination of the ferromagnetic transition tem-
perature was also performed by the Belov-Arrott method.
The field dependences of magnetization for T = 5-10K
are presented in Fig.4 as the plots M2 = f(H/M). Ex-
trapolating M2 to the value H/M = 0 enables one to
obtain the value M2s , its temperature dependence yield-
ing Tc = 11.2 K. The plot of M
2
s (T ) determining Tc is
shown in inset of Fig. 4.
The positive slope indicates a second-order ferromag-
netic phase transition, in agreement with the foregoing
discussion. However, one can note that all the curves are
not quite typical for usual ferromagnetic materials: they
are non-linear and show downward curvature even in the
high field region. Somewhat better, but still not perfect
4linearity can be achieved by fitting the critical exponent
β ≃ 0.38 in the modified Arrott plots (M1/β = f(H/M)).
This indicates a non-usual nature of ferromagnetism; a
simple interpretation of the non-linearity is presence of
magnetic heterogeneity [31].
The relatively large slope in the reversible region ofM
and the linearity in the M(H) curves below the mag-
netic transition can be explained by the small value
of the effective ground-state magnetic moment per Ce
ion. The value M = 4 emu/g obtained corresponds to
µs = 0.21µB/Ce ion. This may give evidence for a com-
plicated magnetic structure or, more likely, for a moment
suppression by Kondo scattering which is responsible for
the reduction of the µeff value at low temperatures.
To probe low-temperature magnetism, µSR investiga-
tions were also performed on the muon channel of the
LNP JINR phasotron using the spectrometer MUSPIN
(some results were reported earlier [32]). Zero field (ZF),
longitudinal field (LF) and transverse field (TF) µSR
measurements have been carried out with a polycrys-
talline CeRuSi2 sample. The temperature interval was
4.2 K < T < 300 K, above and below the Curie temper-
ature Tc. At all the temperatures, the muon spin polar-
ization function P (t) has a non-oscillating form. Below
Tc a hysteresis-like behavior of the polarization versus
longitudinal magnetic field was found.
ZF data show a sharp increase of the muon relaxation
rate below the temperature T = 11.7 K (0.42 µs−1 at
T = 4.2 K) justifying the phase transition to the magnet-
ically ordered state. The results of LF measurements at
T = 4.2 K show that the magnetic fields on the muon Bµ,
produced by the cerium magnetic moments, are mainly
static: the external longitudinal field of 150 Oe practi-
cally recovers the muon spin polarization. In the para-
magnetic phase the polarization decay has an exponen-
tial form at the temperatures 20 K < T < 300 K, al-
though LF experiments at T = 20 K clearly show a sig-
nificant static contribution (about 75%). This situation
can be discussed in the framework of a double relaxation
model. The ferromagnetic type of magnetic ordering was
proved by a hysteresis B −H behavior observed in TF-
experiment.
The lack of information about the muon site and type
of magnetic ordering in the compound does not allow the
precise determination of the value of the ordered moment.
Nevertheless, taking into account the wide distribution
of the magnetic field, we can estimate the value of the
ordered magnetic moment about 0.05 µB.
IV. THERMODYNAMIC AND TRANSPORT
PROPERTIES
The low-temperature T -linear electronic specific heat
was obtained by the standard method, on using extrapo-
lation from temperatures above 20 K, as shown in Fig. 5.
The coefficient γ ≃ 140 mJ/mol K2 is markedly enhanced
which means a moderately heavy-fermion behavior.
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FIG. 5: The determination of T -linear electronic specific heat
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FIG. 6: The magnetic specific heat (after subtracting the T -
linear and phonon contribution). The inset shows the tem-
perature dependence of total specific heat
The specific heat anomaly at Tc (Fig. 6) confirms the
presence of a magnetic transition. The entropy change
near Tc as calculated by integrating the C(T ) anomaly is
relatively small: ∆S = 2.7 J/K = 0.6 R ln 2 (where R is
the universal gas constant). The low value of ∆S allows
us to consider the 4f free-ion level of Ce to be split by a
crystal electric field (CEF) with the doublet (J = 1/2) as
a ground state. The high-temperature properties (T ≫
Tc) are therefore determined by the combined action of
Kondo effect and CEF splitting.
The results presented do not exclude a complex mag-
netic structure below 11K. Note that incommensurate
magnetic ordering is observed in a number of Kondo and
heavy-fermion systems (see, e.g., [33, 34]).
The fit of specific heat in the region of extremely low
temperatures (below 2 K) demonstrates the logarithmic
divergence C/T (J/mol K2) = (3.25 - 1.08 logT ) 10−4.
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FIG. 7: The fit of temperature dependence of specific heat at
ultralow temperatures in zero field and applied field H = 1T
This means a non-Fermi-liquid (NFL) behavior. The
temperature dependence can be also fitted by power-law
dependences with small exponents (Fig. 7), a situation
which is similar to many NFL systems [18].
One of the ways to govern the NFL behavior is ap-
plying the external magnetic filed [35]. Fig. 7 shows
the influence of magnetic field H = 1 T which sup-
presses somewhat the corresponding C(T ) anomaly (note
that internal magnetic field in the ferromagnetic phase
from µSR makes up 0.1 T only [32]). Unfortunately, we
were not able perform the measurements in more strong
fields which are required to clarify details of NFL behav-
ior. Therefore further investigations are of interest. Re-
cently, the influence of magnetic field ion thermodynamic
and transport properties of CeRu2Si2 was discussed in
terms of Fermi surface reconstruction, which results in a
plateau in the field dependence of specific heat [36].
Specific heat has also a weak anomaly near 2 − 3
K which is also influenced by magnetic field and may
be related to crystal field effects. Similar peculiarities
of NFL specific heat including the crystal field Schot-
tky anomalies were observed in Ce1−xYxRhIn5 [37] and
CePd1−xRhx [38]. In the latter system, demonstrating a
transition from ferromagnetism to intermediate valence
state with x, the influence of magnetic field on specific
heat (suppression of NFL behavior) was investigated too.
Again, CenMmIn3n+2m heavy-fermion systems [34]
which demonstrate both incommensurate antiferromag-
netic ordering and NFL properties (also in magnetic field)
should be mentioned.
The temperature dependence of resistivity ρ(T ) is
shown in Fig.8). This exhibits an anomaly at the tem-
perature T1 = Tc = 11.7 K.
The second anomaly (a maximum) occurs at high tem-
peratures. To extract this, we eliminated the phonon
contribution by using the Debye model. The Debye tem-
perature as determined from the T 3-contribution to spe-
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FIG. 8: The temperature dependence of resistivity in a wide
temperature region. The inset shows the resistivity in the low
temperature region
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cific heat (see Fig. 5) makes up θD = 226 K. After sub-
tracting the corresponding Bloch-Gruneisen contribution
we obtain the resistivity maximum at T2 ≃ 150 K (Fig.
9). Above T2 we may pick up a high-temperature T -
logarithmic Kondo contribution to resistivity, which is
due to on-site s− f scattering of conduction electrons by
localized magnetic moments. With decreasing temper-
atures, the lattice coherence effects result in resistivity
decrease, which is typical for periodical Kondo systems.
A role of crystal-field splitting effects is also possible in
formation of the maximum at T2. Besides, in our system
6a rapid decrease of ρ(T ) below T1 = Tc is detected. We
can propose that the magnetic transition at 11.7 K sup-
presses the Kondo scattering and leads to a decrease of
the low-temperature resistivity.
It should be noted that for the widely investigated
system CeRu2Si2 we have observed only one maximum
(T2 = 50 K) which has probably a Kondo origin. The
difference between CeRuSi2 and CeRu2Si2 may be con-
nected with a lower Kondo temperature in the latter sys-
tem (its lattice cell volume is considerably larger).
On the other hand, for CeRu2Ge2 we have observed
two resistivity anomalies at T1 = 8 K and T2 = 160 K.
The first anomaly is accompanied by hysteresis and can
be identified with a ferromagnetic transition, in agree-
ment with the results of Ref.[8]. A magnetic transition
was found also for CeRuGe3 at T = 7 K.
Following to the Sereni classification [39], the differ-
ence in magnetic behavior of various (binary and ternary)
cerium compounds may be attributed to different Ce–Ce
distances.
In the low-temperature region, the resistivity of
CeRuSi2 obeys a non-Fermi-liquid (NFL) law, namely,
ρ(T ) ∝ T µ with µ = 1.1 − 1.2 rather than a square de-
pendence (inset in Fig.8). A similar behavior takes place
in a number of anomalous rare-earth systems (see, e.g.,
[18, 34]).
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The Seebeck coefficient α measured at high temper-
atures (Fig.10) is rather high, temperature-independent
region (or an extremum) being changed by a linear de-
pendence. Such a behavior may confirm the presence of
the Kondo scattering (cf. the discussion of thermoelectric
power in the Kondo lattices in Ref. [40]). Observation of
Kondo coherence features requires investigation at lower
temperatures (cf., e.g., data for CeIr2B2 [13]). The cor-
responding figure of merit ZT = α2T/ρκ (κ being heat
conductivity) has a maximum at T = 250 K where it
makes up about 0.6%.
V. CONCLUSIONS AND DISCUSSION
To summarize, the results of the present paper and
Ref.[4] allow us to conclude that CeRuSi2 belongs to a
relatively rare family of compounds where the Kondo ef-
fect and a ferromagnetism coexist. The Kondo nature of
ferromagnetism is confirmed by investigation of a wide
range of electronic properties. The shape of M(H) and
M(T ) curves, observation of hysteresis loops together
with lambda-peak in the temperature dependence of spe-
cific heat C(T ) (see below) and the resistivity decrease
are the characteristic features of a ferromagnetic tran-
sition at T1 = Tc = 11.7 K. An enhanced value of
γ ≃ 140 mJ/mol K2, reduced ground state moment, large
absolute value of resistivity (being of hundreds µOhm
cm) together with observation of a maximum in ρ(T ) at
T2 ≃ 150 K, are characteristic features of dense Kondo
effect. Thus, CeRuSi2 might be considered as a ferro-
magnetic Kondo lattice.
Occurrence of non-collinear or inhomogeneous state
near the magnetic transition is also possible. Neutron
scattering experiments are required to investigate this is-
sue. At the same time, formation of a complicated mag-
netic structure cannot be excluded, similar to the situa-
tion in YbNiSn (canted ferromagnetism [16]) or CeCoGa
(ferrimagnetism [27]). A possibility that Ru has a mag-
netic moment, as Co in CeCoGa, can be discussed. On
the other hand, neutron scattering analysis for CeRh3B2
reveals no magnetization on the rhodium and boron sites,
so that ferromagnetism originates from the ordering of
Ce local moments (and not, as has been claimed earlier,
from itinerant magnetism in the Rh 4d band) [41].
In our investigations, we did not exclude a priori for-
mation of spin-glass state. However, our SQUID magnit-
ometer measurements did not reveal an influence of pre-
history (magnetization and demagnetization processes)
on dc susceptibility. Thus within the accuracy of mea-
surements FC and ZFC results coincided, in contrast
with the spin-glass situation for Ce3Pd20Ge6 where we
detected the ZFC-FC difference below 2.8 K [42] (such a
spin-glass-like behavior was also found for CeCoGa [27]
and CeRu2(Si1−xGex)2 [23]). Further investigations of
ac magnetic susceptibility would be useful.
Being deduced from the resistivity and specific heat
data at ultralow T , the non-Fermi-liquid behavior is ob-
served in our ferromagnetic Kondo compound. To ex-
plain the NFL behavior in rare-earth and actinide sys-
tems, a number of mechanisms were proposed [18]. Since
many known NFL systems are disordered alloys, one con-
siders the influence of disordering in the Kondo-lattice
model [43], and the Griffiths singularity model [44].
In most Kondo magnets (see the Introduction) the NFl
behavior can occur only on the boundary of magnetic
instability, i.e. in the proximity of quantum critical point
(quantum phase transition, QPT), which is governed by
chemical composition or external pressure (see, e.g., [11].
In this connection, one considers mechanisms con-
nected with spin fluctuations [30], in particular treating
7the behavior near QPT in the clean limit [45] or with
account of disordering [46].
In the system Th1−xUxCu2Si2 [18, 24] NFL picture
occurs in the composition range beyond where ferromag-
netism is suppressed, so that C/T behaves as lnT and
the resistivity has linear T -dependence. Further example
is the URh1−xRuxGe alloy [47] where the critical concen-
tration for the suppression of ferromagnetic order is xcr
= 0.38. The Curie temperature vanishes linearly with x
and the ordered moment µs is suppressed in a continuous
way (µs = 0.4µB for x = 0). At xcr, the specific heat
behaves as T lnT , and the temperature exponent of the
resistivity attains a minimal value µ = 1.2. The total
f-electron entropy obtained by integrating Cm/T equals
0.48R ln 2 for x = 0 and decreases to 0.33R ln 2 at xcr.
In the system Ce1−xLaxPdSb [22], demonstrating
high-temperature Kondo lnT -contribution to resistivity.
the ferromagnetic Kondo-lattice state transforms gradu-
ally into the NFL state in the regime x > 0.7, the Kondo
disorder model being a candidate for NFL mechanism.
The scaling of χ, ρ and C/T with TK suggests that the
NFL behavior is a single ion phenomenon that is associ-
ated with the Kondo effect.
Recently, a NFL picture somewhat similar to
CeRuSi2 has been reported for the ferromagnetic sys-
tem URu2−xRexSi2 [48] which is characterized by a small
ground state moment. In this system, C(T ) = T lnT ,
ρ(T ) ∝ T µ with µ = 1.2 over more than a decade in
temperature below 20 K for x = 0.6. The saturation
moment, Curie temperature and electronic specific heat
coefficient exhibit maxima for different Re concentration,
reaching the values µs = 0.44µB/U atom, Tc= 38 K at
x = 0.8, and γ = 160 mJ/mol K2 at x = 0.6. The fer-
romagnetic order was confirmed by neutron scattering
experiments for x = 0.8 and NMR measurements for
x = 0.4. However, corresponding magnetic-transition
anomalies in specific heat and resistivity were not de-
tected (unlike our investigations of CeRuSi2).
The Griffiths-McCoy phase model [44] was discussed
in Ref.[48] as an explanation for the coexistence of fer-
romagnetism and NFL properties since the Griffiths sin-
gularities give rise to the NFL power-law behavior. In
a clean system, spin-fluctuation mechanisms of NFL be-
havior, e.g., owing to peculiarities of magnetic ordering
and spin dynamics in the Kondo lattices [49], are more
probable.
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